The Rho GTPase-activating protein 35 (ARHGAP35), an important Rho family GTPase-activating protein, may be associated with tumorigenesis of some tumors. Here, we investigated the relationship between an important polymorphic variant at 3 -UTR of this gene (rs1052667) and osteosarcoma risk and prognosis. This hospital-based case-control study, including 247 osteosarcoma patients and 428 age-, sex-, and race-matched healthy controls, was conducted in Guangxi population. Genotypes were tested using TaqMan PCR technique. We found a significant difference in the frequency of rs1052667 genotypes between cases and controls. Compared with the homozygote of rs1052667 C alleles (rs1052667-CC), the genotypes with rs1052667 T alleles (namely, rs1052667-CT or -TT) increased osteosarcoma risk (odds ratios: 2.41 and 7.35, resp.). Moreover, rs1052667 polymorphism was correlated with such pathological features of osteosarcoma as tumor size, tumor grade, and tumor metastasis. Additionally, this polymorphism also modified the overall survival and recurrence-free survival of osteosarcoma cases. Like tumor grade, ARHGAP35 rs1052667 polymorphism was an independent prognostic factor influencing the survival of osteosarcoma. These results suggest that ARHGAP35 rs1052667 polymorphism may be associated with osteosarcoma risk and prognosis.
Instruction
Osteosarcoma is the most frequent primary malignant bone tumor and usually occurs in patients between 10 and 25 years of age [1, 2] . In the past several years, the 5-year survival of patients with osteosarcoma has significantly improved because of the combined treatment (neoadjuvant chemotherapy, surgery, and adjuvant chemotherapy) [2, 3] . However, about 80% of patients would eventually develop metastatic disease following surgical treatment, and outcome remains poor for these patients [2] [3] [4] .
Therefore, a better understanding of its basic biology is urgently needed to identify its risk and prognostic markers.
Several studies have reported potential associations of common genetic variants with osteosarcoma risk in biologically plausible pathways. This suggests that the genetic factors could play important roles in the pathogenesis of this malignant tumor [5, 6] .
The Rho GTPase-activating protein 35 (ARHGAP35, also called GRLF1 and p190RhoGAP) is an important Rho family GTPase-activating protein, and is identified as a tyrosinephosphorylated protein associated with p120RasGAP in vSrc transformed cells [7] [8] [9] [10] [11] [12] [13] [14] . Functionally, it mainly plays a crucial role in regulating cytoskeletal rearrangements, cell spreading and migration, and endothelial barrier function [15] [16] [17] [18] . Recent data have shown that this protein can regulate cell proliferation and the dysregulation of ARHGAP35 may be associated with gliomas and breast cancer [19] [20] [21] . A common polymorphism at 3 -untranslated region (3 -UTR) of this gene, namely, rs1052667 C > T, has been identified. However, it is unclear whether this polymorphism correlates with tumor. Therefore, we specifically conducted a hospitalbased case-control study to examine whether ARHGAP35 rs1052667 polymorphism modifies osteosarcoma risk and prognosis.
Materials and Methods

Study Population.
The present study was approved by the ethics committees of the hospitals involved in this study. This hospital-based case-control study was conducted in Guangxi Zhuang Autonomous Region, China, a relatively high incident area of osteosarcoma. All osteosarcoma patients and control individuals were residents of Guangxi Zhuang Autonomous Region and were recruited from the affiliated hospitals of Guangxi Medical University between January 1996 and August 2005. All cases were histopathologically confirmed. During the same period, control subjects without a history of cancer were randomly selected from a pool of healthy volunteers who visited the general health checkup center of the same hospitals because of their routine scheduled physical exams [22, 23] . To control the effects of confounders, the controls were individually matched (1 : 1 or 2 : 1) to cases based on ethnicity (Han, Minority), sex, and age (±5 years). In this study, a total of 247 cases and 428 controls, representing 97% of eligible cases and 92% of eligible controls, were enrolled, interviewed, and included in the final analysis. After giving written consent, demographic information and clinical pathological data (including age, sex, race, smoking and drinking status, disease history, tumor history, tumor size, tumor grade, and tumor site, etc.) were collected using a standard interviewer administered questionnaire and/or medical records. At the same time, 2 mL of peripheral blood was obtained for analyzing the genotypes of ARHGAP35 rs1052667 polymorphism. All subjects did not have chemotherapy or radiotherapy history before samples collection.
Among 247 osteosarcoma cases, about 57 percent (140/ 247) of osteosarcomas located in femur. All cases received surgical resection of primary tumor; however, only fiftyseven cases underwent the radical treatment (including both curative resection and adjuvant chemotherapy). In this study, tumor grade was evaluated according to Broders' grading system [24] . Low grade was defined as tumor type with well or moderately differentiated tumor cells (less than 50% undifferentiated cells), whereas high grade was defined as tumor type with poorly or anaplastic/pleomorphic differentiated tumor cells (more than 50% undifferentiated cells) [25] .
DNA Detraction.
Leukocytes were isolated from peripheral venous blood samples from all tumor patients and control subjects by standard procedures. DNA was then extracted from leukocyte samples by standard phenol-chloroform extraction and ethanol precipitation. DNA samples were stored at −20 ∘ C until additional analysis. 
Osteosarcoma Patients Follow-Up.
For survival analysis, we followed all osteosarcoma cases. All patients underwent serial monitoring every 2 months for the first 2 years and semiannually thereafter for detection of any recurrence. In this study, the last follow-up day was December 31, 2013, and survival status was confirmed by clinic records and either patient or family contact. The duration of overall survival (OS) was defined as from the date of curative treatment to the date of death or last known date alive, whereas the recurrence-free survival (RFS) was defined as from the date of curative treatment to the date of tumor recurrence or last known date alive.
Statistical Analysis.
All analyses were performed with the statistical package for social science (SPSS) version 18 (SPSS Institute, Chicago, IL, USA). Pearson's 2 test or Fisher's exact test was used to test the differences between osteosarcoma patients and control subjects in the distribution of gender, age, race, and ARHGAP35 rs1052667 genotypes. Because this study was based on an individually matched design, conditional logistic regression was used to evaluate odds ratios (ORs) and 95% confidence intervals (CIs) for risk of osteosarcoma. Kaplan-Meier survival analysis (with the log-rank test) was used to elucidate the relationship between ARHGAP35 rs1052667 polymorphism and osteosarcoma prognosis. Hazard ratios (HRs) and 95% CIs for ARHGAP35 genotypes were calculated from a multivariate Cox regression model (with stepwise forward selection based on the likelihood ratio test). In the present study, a value of < 0.05 was considered statistically significant.
Results
Demographic and Clinic Characteristics of the Subjects.
In this study, 247 osteosarcoma cases and 428 controls were included in the final analysis. The demographic characteristics of all cases and controls are shown in Table 1 . The mean age, gender ratio, smoking and drinking status, and race distribution are of the same levels in both control and osteosarcoma groups ( > 0.05). Table 2 summarized the genotypic and allelic distribution of ARHGAP35 rs1052667 polymorphism for both tumor patients and controls. Genotype frequent distribution in controls fitted the Hardy-Weinberg equilibrium well. The heterozygous genotype with rs1052667 C and T allele (rs1052667-CT) and the variant homozygous genotype with rs1052667 T allele (rs1052667-TT) were more frequent among cases than among the controls ( < 0.01), resulting in an Ser allele frequency of 32.0% in cases and 11.9% in controls. Logistic regression analysis exhibited that the adjusted OR for osteosarcoma for these individuals carrying rs1052667-CT compared with those exhibiting the homozygote for C alleles (rs1052667-CC) was 2.41 (95% CI, 1.64-3.55) and the corresponding OR for those featuring rs1052667-TT was 7.35 (95% CI, 3.95-13.68). These results showed that osteosarcoma risk was associated with the number of rs1052667 T alleles.
ARHGAP35 Polymorphism Increased Osteosarcoma Risk.
ARHGAP35 Polymorphism and Osteosarcoma Risk Stratified by
Gender, Age, and Race. To evaluate possible interactive effects of matching factors (including gender, age, and race) and ARHGAP35 rs1052667 polymorphism on osteosarcoma risk, we performed a series of bivariate stratified analyses by matching factors (Table 3) . Because of the small number of subjects with rs1052667-TT among different strata, genotypes rs1052667-CT and rs1052667-TT were combined into one stratum (also called rs1052667-CT/TT). Similar risk values for osteosarcoma were found among Han subjects and among minority participants (adjusted ORs were 3.40 and 3.39, resp.). Similar results were also found in the stratified analysis between rs1052667 polymorphism and other two matching variables. Likelihood ratio tests for interaction of the stratified variables and ARHGAP35 genotypes showed that these matching factors did not modulate the effects of this polymorphism on osteosarcoma risk ( interaction > 0.05; Table 3 ). This suggested that these factors should be effectually manipulated and should not modify the association between this polymorphism and osteosarcoma risk.
ARHGAP35 Polymorphism Modified Osteosarcoma Prognosis.
To investigate the effects of ARHGAP35 polymorphism on outcome of osteosarcoma patients, we followed all cases and analyzed the survival information of all osteosarcoma cases. During the follow-up period of these patients, 222 faced tumor recurrence with 15.9% of the 5-year RFS rate, and 238 died with 12.5% of the five-year OS rate. Kaplan-Meier survival analysis showed that patients with ARHGAP35 rs1052667 T alleles featured a significantly poorer prognosis than those with rs1052667-CC ( is 1.19 × 10 −11 for OS and is 2.04 × 10 −17 for RFS, resp.; Figures  1(a) and 1(b) ). Considering that some patients did not accomplish entire adjuvant chemotherapy because of poor economic conditions, we stratified the analysis of the correlation between ARHGAP35 genotypes and osteosarcoma outcome by the radical treatment status to explore whether this difference affected the results (Figure 2 ). Among these cases receiving the radical treatment (Figures 2(c) and 2(d) ), shorter median overall survival time (MST) and shorter median tumor recurrence-free survival time (MRT) were found in cases having risk genotypes (including ARHGAP35 rs1052667-CT and -TT) than in those without risk genotypes. Similar results were observed in the nonradical treatment Figure 1 : Association between ARHGAP35 rs1052667 polymorphism and osteosarcoma prognosis in 247 osteosarcoma patients. ARHGAP35 rs1052667 polymorphism was correlated with (a) the overall survival and (b) the recurrence-free survival of osteosarcoma. Cumulative hazard function was plotted by the Kaplan-Meier methodology and the value was calculated with two-sided log-rank tests. MST, the median overall survival time; MRT, the median tumor recurrence-free survival time. stratum (Figures 2(a) , and 2(b)). Multivariate cox regression analysis (with stepwise forward selection based on likelihood ratio test) was next performed to determine whether ARHGAP35 rs1052667 polymorphism was an independent predictor of osteosarcoma cases. The results exhibited that the genotypes with rs1052667 T alleles increased the dying risk of tumor patients compared with rs1052667-CC (HRs: 1.57 for rs1052667-CT and 1.91 for rs1052667-TT, resp.). Risk role was also found in the RFS analysis; the corresponding HRs were 1.82 for rs1052667-CT and 2.53 for rs1052667-TT, respectively (Table 4) . Taken together, these results implied that this polymorphism could be used as an independent prognostic marker for osteosarcoma.
ARHGAP35 Polymorphism Correlated with the ClinicPathological Features of Osteosarcoma Patients.
To explore whether ARHGAP35 rs1052667 polymorphism correlated with the clinical pathological features of osteosarcoma, an association analysis of the risk genotypes (rs1052667-CT/TT) or the nonrisk genotype (rs1052667-CC) and the clinical pathological characteristics of osteosarcoma was performed separately. Results showed that these osteosarcoma cases with risk genotypes of ARHGAP35, compared to those without risk genotypes, faced larger tumor size (OR is 4.85), lower tumor differentiation (OR is 4.07), and higher metastasis risk (OR is 2.78; Table 5 ). However, this polymorphism did not affect other features.
Discussion
To the best of our knowledge, no studies have investigated the role of ARHGAP35 rs1052667 polymorphism in the risk of osteosarcoma. In this study, we analyzed the association between aforementioned polymorphism and the risk of osteosarcoma among Guangxi population and found ARHGAP35 rs1052667 T alleles increased osteosarcoma risk (adjusted OR is 3.27). These results imply that this polymorphism may have functional significance in osteosarcoma carcinogenesis. Osteosarcoma is one of major cancer types in the Guangxi Zhuang Autonomous Region; the possible risk factors of which include radiation exposure, foreign bodies, genetic predisposition, and so on. Increasing epidemiological evidence has shown that an individual susceptibility related Tumor recurrencefree survival and ARHGAP35 rs1052667 polymorphism in strata of status. Cumulative hazard function was plotted by Kaplan-Meier's methodology, and value was calculated with two-sided log-rank tests. MST, the median overall survival time; MRT, the median tumor recurrence-free survival time. to genetic factors might be associated with osteosarcoma carcinogenesis [5, 6] . While ARHGAP35 spans 87 kb on chromosome 19q13.3 and contains 7 exons and 6 introns (PubMed Databases). Its encoding protein is a 190 kDa protein consisting of three major functional domains: (1) an NH 2 -terminal GTP-binding domain (GBD), (2) a middle domain (MD), and (3) a COOH-terminal GAP domain, which displays specificity for GTP-bound RhoA [9, 26] . Functionally, ARHGAP35 plays important roles in promoting cell spreading, membrane protrusion, and cell polarity [15, 27] . Recently, several reports have shown that ARHGAP35 plays an important role in cancer formation and metastasis [19, 20, 28] . In 2008, Shen et al. [19] investigated the role of ARHGAP35 in the breast tumor kinase (Brk) signal pathway and found that it is a Brk substrate both in vitro and in vivo. Through this signal pathway, ARHGAP35 is phosphorylated at the Y1105 residue by Brk and next associated with p120RasGAP. As a consequence, ARHGAP35 is stimulated and p120 functions are attenuated, leading to RhoA inactivation and Ras activation, respectively. Their results show ARHGAP35 activation promotes breast cancer growth, migration, and invasion, and provide important evidence for the crucial roles of this Brk-ARHGAP35 signaling pathway in promoting breast malignancy [19] . In accordance with these reports, our present study exhibited that ARHGAP35 might be involved in osteosarcoma tumorigenesis.
With the Human Genome Project developing, more than one hundred polymorphisms have been identified in ARHGAP35 (dbSNP in NCBI Database). In this study, we only analyzed ARHGAP35 rs1052667 polymorphism, primarily because this polymorphism is relatively common in most populations, whereas other polymorphisms are rare. In this study, we collected 247 osteosarcoma and 428 control samples from Guangxi Zhuang Autonomous Region, a relatively high incident area of osteosarcoma. we found that about 20 percent of control individuals had ARHGAP35 rs1052667 T alleles, similar to the data from the Human Genome Project (dbSNP Database, web: http://www.ncbi .nlm.nih.gov/SNP/snp ref.cgi?rs=rs1052667). However, higher frequency was observed in the individuals with osteosarcoma, and following analysis showed this polymorphism increased osteosarcoma risk. These results suggested ARHGAP35 rs1052667 polymorphism might modify the risk of tumors such as osteosarcoma.
This risk role might be related to the posttranscriptional regulation of gene expression. Because rs1052667 polymorphism locates at the 3 -UTR of ARHGAP35 gene, this variant might be involved in the regulation of mRNA stability and the control of mRNA subcellular localization [29] . Consequently, it may be associated with the functional dysregulation of ARHGAP35 and play a role in the carcinogenesis. Supporting the aforementioned hypothesis, recent studies have shown that the dysregulation of ARHGAP35 expression and function is involved in the tumorigenesis of some tumors such as lung cancer [30] , melanoma [31] , and breast cancer [19, 28, 32] . Thus, ARHGAP35 polymorphism might play an important role in the tumorigenesis of osteosarcoma, and this provided a new genetic insight into osteosarcoma tumorigenesis.
Additionally, we also investigated the association between ARHGAP35 rs1052667 polymorphism and osteosarcoma prognosis. We found that osteosarcoma patients having genotypes with ARHGAP35 rs1052667 T alleles had a significant poor RFS and OS compared to those without T alleles. Considering the difference of the treatment and to explore whether this difference affected the modifying role of ARHGAP35 rs1052667 polymorphism, we stratified the analysis of the effects of ARHGAP35 genotypes on osteosarcoma outcome by the treatment status. Results showed that this polymorphism modulated osteosarcoma prognosis, regardless of the radical or nonradical treatment status. Multivariate cox regression analysis next showed this polymorphism increased 1.53-times tumor reoccurrence risk and 0.91-times death risk; moreover, this risk did not depend on the clinical pathological change. This is possibly because it correlates with the fact that this polymorphism modifies tumor grade and differentiation and, consequently, might promote tumor proliferation and metastasis. Supporting our results, recent studies have exhibited that the dysregulation of ARHGAP35 promotes tumor growth, infiltration, and metastases and subsequently might result in poor prognosis of tumors [19, 20, 28, 30] . These data implied that ARHGAP35 rs1052667 polymorphism should be able to modify the prognosis of osteosarcoma and should be an important prognostic marker for this tumor.
In the present study, to control the effects of confounders such as age, gender, and race, we used an individually matched design. In the stratified analysis, no interactive effects were found, suggesting that these factors do not modify the correlation between ARHGAP35 rs1052667 polymorphism and osteosarcoma risk.
However, there were several limitations to our study. Potential selection bias might have occurred because the selection of control subjects in our study was hospital-based. Despite the analysis of ARHGAP35 rs1052667 polymorphism, we did not analyze other polymorphisms of this gene possibly able to modify the risk of osteosarcoma. Although this study is molecular epidemiological investigation based on clinic samples of osteosarcomas, it is deficient in functional analysis. Additionally, our findings were based on relatively small numbers and limited by small number of subjects in part of the genotype strata. Therefore, more genes deserve further elucidation based on a large sample and the combination of genes.
Conclusions
In summary, to the best of our knowledge, this is the first report investigating an association between ARHGAP35 rs1052667 polymorphism and osteosarcoma risk and prognosis in Guangxi patients. We have found evidence that the genotypes of ARHGAP35 rs1052667 T alleles may be correlated with increased risk and poor prognosis for osteosarcoma and that this polymorphism may be involved in the tumorigenesis of this type of tumor. Given that osteosarcoma is a highly fatal tumor, the finding of a genetic susceptibility (if confirmed) may have implications for screening and prevention.
